The Fundamental Theorem of q-clan geometry implies (among other things) that all automorphisms of the generalized quadrangle GQ(C ) of order (q 2 ; q) associated with a q-clan C which x a special pair of points are automorphisms of the elation group of the quadrangle. When q = 2 e , with a slight modi cation of the usual representation, we describe these automorphisms in terms of tensor products of pairs of matrices in GL(2; q). The resulting e ciency in computation allows a simpli ed description of the automorphisms of GQ(C ). We apply the general theory to give an improved description of the induced stabilizers of the ovals in P G(2; q) that are associated with the new Subiaco q-clans introduced and studied in 2], 7], 1] and 8].
Introduction
Let q be any prime power and set F = GF(q). A q-clan is a set C = A t = x t y t 0 z t : t 2 F of q, 2 2 matrices over F, indexed by the elements of F with the property that for distinct s, t 2 F, the matrix A s ? A t is anisotropic, i.e. This theorem was named the Fundamental Theorem of q-Clan Geometry in 1] because of its similarity in spirit and form to the Fundamental Theorem of Projective Geometry.
For a given q-clan C, the associated generalized quadrangle GQ(C) of order (q 2 ; q) is constructed as a group coset geometry starting with a 4-gonal family J (C) of subgroups of a standard group K of order q 5 (see Section 2) . The Fundamental Theorem says (among other things) that each automorphism of GQ(C) xing the points usually labeled (1) and (0; 0; 0) must be induced by an automorphism of K having a rather special form. The present essay grew out of the observation that when q = 2 e these automorphisms may be described completely in terms of a eld automorphism combined with multiplication by the tensor product of two 2 2 matrices over F. Sections 2 through 5 develop this tensor product action so that collineations of GQ(C) can be studied very e ciently. When q = 2 e , GQ(C) has subquadrangles of order q associated with ovals in PG(2; q). And in fact the matrix tensor product mentioned above amounts to a tensor product of the group action on the lines through the point (1) with the group action on the subquadrangles. In Section 6 we consider the collineations induced on PG(2; q) by the automorphism group of GQ(C) that stabilize one of the associated ovals. In Section 7 the general machinery is applied to the Subiaco q-clans. This material extends only slightly the work in 7], 1], and 8]. But it strongly suggests further lines of investigation, and gives a helpful perspective to many of the results in the papers just cited.
The original inspiration for using the tensor product action derived from remarks made by Dr. Tim Penttila, and we thank him for the many insightful and encouraging conversations that accompanied the development of the ideas in this paper.
The Underlying Group
For q an arbitrary prime power, let F = GF(q) and put P = 0 1 ?1 0 . The standard group K used for q-clan geometry (at least for the generalized quadrangles) is K = f( ; c; ) In the published literature on q-clan geometry with q = 2 e there is a third representation of the underlying group. In this representation, which here we denote by G, the typical element is denoted ( ; c; ) and the binary operation is ( ; c; ) ( 0 ; c 0 ; 0 ) = ( + 0 ; c+c 0 + p 0 ; + 0 ). However, in this article we prefer to write (( ; ); c) in place of ( ; c; ). 
is an isomorphism from G to the group G with binary operation (( ; ); c) (( 0 ; 0 ); c 0 ) = (( + 0 ; + 0 ); c + c 0 + q 0 ):
This latter representation only works when q = 2 e .
For the remainder of this paper we assume that q = 2 e . When the q-clan C = fA t 2 Fg is understood to be given, we write g t ( ) = A t T , for t 2F, 2 F 2 . Then the following is easily checked. 
For some 2 Aut(F), let C = fA t : t 2Fg and C 0 = fA 0 t : t 2Fg be two (not necessarily distinct) ?1 -normalized q-clans. Let = ( ; A B; C; E) be an automorphism of G as in Eq.(10). We want to determine necessary conditions on C and E for to map the members of J (C) to the members of J (C 0 Conversely, all such automorphisms of G must be of this form. For any as in Theorem 3.1, Eq.(6) has a particularly simple form. Each of the maps de ned in Eqs. 34, 35 and 36 is an automophism of G that replaces the 4-gonal family J (C) with some 4-gonal family J 0 . We want to compute a q-clan C is so that i s replaces J (C) with J (C is ). In applications it is usually easier to compute A is t for all t 2 F before applying the F.T. We collect these results and slightly more in @ the following theorem. (Note: To achieve brevity in at least one aspect, we have more or less ignored the associated GQ(C), the ock F(C) of a quadratic cone, etc. But the reader should keep in mind that the F.T. also asserts something about isomorphisms of these q-clan geometries.) We now know that every automorphism of the generalized quadrangle GQ(C) xing (1) (2) ; gt( ) +( t = )( C D 0 E )( t = ) T ) Fig. 2 .
In the applications that follow for Subiaco q-clans, = 2. In this case the bottom row of 
7 Subiaco q-clans For q = 2 e , e 4, F = GF(q), let 2 F be chosen so that x 2 + x + 1 is irreducible over F, i.e., tr( ?2 ) = tr( ?1 ) = 1. Then de ne the following functions on F. (ii) g(t) = ( 2 + 4 )t 3 + 3 t 2 + 2 t; (iii) k(t) = ( (t)) 2 = t 4 + 2 t 2 + 1; invariant. We leave this as an exercise for the tireless reader.
For the remainder of this section we suppose that e 6 2 (mod 4), so that 5 does not divide (q +1). Up to projective equivalence there is only one Subiaco oval O . The complete stabilizer of O is known 4] to be induced by the group G 0 of automorphisms of G leavinĝ J (C) invariant. And the order of this induced stabilizer is shown in 8] to be 2e. Here we want to give these automorphisms explicitly. 
Then is an automorphism of G stabilizingĴ (C) and mappingÂ (1) it is easy to prove the following for = (0; 1).
(i) (I 0 I ) 3=20 stabilizes R (0;1) and has companion automorphism = 2:
(ii) 
In the following computations put T = 
